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ABSTRACT 


(Coat inued) 


t?Such  .m  environment  seems  conductive  to  contributions  from  semicoherent 
scattering.  If  such  coherent  contributions  are  important,  then  data  interpre- 
tation must  consider  this  process. 


This  document  presents  analytical  scattering  formulas  to  be  used  to 
compare  the  magnitude  of  the  two  scattering  processes,  incoherent  and  semi- 
coherent. A plausible  model  of  the  in-situ,  three-dimensional  spatial 
frequency  power  spectrum  of  dielectric  fluctuations  in  the  dust/air  inter- 
face is  presented,  and  an  analytical  model  of  tue  dust-particle  size  distri- 
bution is  derived--based  loosely  on  the  sketchy  field  measurement  data 
available  to  us.  Finally,  all  of  the  pieces  of  our  analytical  formalisms  are 
assembled.  The  results  show  that  the  semicoherent  scattering  contribution 
to  radar  backscattering  from  high-explosive-produced  dust  clouds  is  very 
Likely  significantly  weaker  than  contributions  from  incoherent  scattering.  We 
conclude  that  interpretation  of  radar  backscatter  data — for  example,  that  of 
the  Miser's  Bluff  radar  experiments — need  not  consider  coherent  scattering 
processes . 
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Radar  signals  may  be  scattered  from  particulate  clouds  (e.g.  dust, 
water  droplets,  aerosols,  free  electrons)  through  two  processes.  The 
first  process  is  the  incoherent  addition  of  power  from  each  individual 


particle.  We  call  this  incoherent  scattering.  If  the  particulate  cloud 
is  nonuniform  in  density,  then  semicoherent  scattering  may  result  from 
the  irregularities.  In  some  environments,  specifically  in  free  electron 
plasmas,  semicoherent  scattering  from  irregularities  in  the  electron 
plasma  may  be  1Q(>  to  10^  times  more  intense  than  the  incoherent 


scattering. 

Scattering  measurements  in  high-explosive-produced  dust  clouds,  the 
subject  of  principal  concern  here,  have  always  been  interpreted  as  though 
the  scattering  were  due  only  to  the  incoherent  process.  The  question  of 
whether  coherent  scattering  effects  can  contribute  to  the  measured  radar 
returns  has  been  raised.  To  shed  some  light  on  this  possibility,  we 
present  in  this  document  analytical  formalisms  that  allow  us  to  relate  the 
comparative  intensity  of  the  two  scattering  phenomenon  to  the  particulate 
environmental  properties  of  explosive-produced  dust  clouds.  Finally,  we 
make  quantitative  estimates  of  the  contributions  of  the  two  processes  to 
determine  whether  radar  backscatter  data  interpretation  should  consider 
the  coherent  scattering  process.  Since  the  two  scattering  processes  have 
very  different  frequency  dependencies,  it  was  also  thought  that  the  analysis 
might  provide  insight  into  another  technique  that  could  lie  useful  in 
diagnosing  dust  cloud  properties.  As  we  shall  show,  for  likely  models  of 
dust  clouds,  coherent  backscatter ing  (radar  mode)  is  probably  not  signifi- 
cant. This  then  indicates  that  the  frequency  dependence  of  mult i f requeney 
radar  bucksca i ter  dita  is  directly  refutable  to  particle  size  distribution. 

In  beet  ion  2 of  this  r--  • , »« » i' t , we  present,  but  do  not  show  the 
deri  tv  i j • >/:  of,  the  ebJ.Lioi'.-  that  describe  the  two  kinds  of  scattering 
prm  esse- , and  pr<  si  .n  a node  1 of  the  ' turbulent  ' dielectric  fluctuations 
1. 1 i ' ll'  ■ .'.il  ii  elute  i In-  conditions  ji.  a ,n,x;ng  interface  belwicn 


distribution  data  obtained  from  aircraft  flights  through  the  "Middle  Gust- 
Mixed  Company  test  dust  cloud.  From  this  data,  we  developed  a size 
distribution  model  for  use  in  our  comparisons. 


In  Section  4,  we  use  the  information  in  Sections  2 and  3 for 
quantitative  comparisons.  We  consider  both  our  "Middle  Gust-Mixed  Company" 
dust  model  and  unlikely  particle  size  distributions  that  favor  coherent 
scattering.  Section  4 also  summarizes  our  scattering  equations.  Section 
5 presents  our  conclusions. 
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Hero  wo  define  our  terminology  and  present  analytical  results.  U't 
t h»'  probability  that  a particle  has  a radius  between  a and  a + da  be 
Riven  by  the  function  pint.  Then  the  following  is  truer 


00 

p ( a 1 da  1.  (11 

o 

'"•’all  assume  that  the  part  icle-si/e  probability-density  distribution 
function  pin!  is  not  a function  of  position  x.  l,et  the  number  of 

it  —*  —» 

particles  cm  at  position  x be  ntxl.  Usually,  the  number  of  particles 
cm  is  not  available.  The  mass  density  of  dust  added  to  the  atmosphere 
is  more  ot ten  provided.  This  mass  density  is  given  by: 


m t x 1 


ntx! 


a? 


a o 


:t 

a da 


( - A 


In  t h i s equation,  spherical 
of  the  material  of  which  t he 
for  water  droplets  would  be 
concerned  with  often  have  a 


pa  r t ic  le  s 
pa  r t ides 
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The  scattering  of  radar  signals  from  the  particles  will  be  described 
by  a two-region  model.  In  the  small  particle  si7o  region,  the  cross 
sw t ion  is  given  by  t he  Uayleigh  scattering  cross  sect  ion.  Kor  our  study 
this  cross  section  is  given  adequately  as: 
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lor  simplicity,  we  :» s suru  * t lus  t the  piM*  t i c vi  l u t e i t*  l ec  t v i o I’ous  t fl  u t is 

♦ 

si(Lntiio.inth  smitor  than  1.0.  Ihe  quantity  \ Is  the  radar  luivi’U-nuth, 
and  k i.  When  tin-  particle  becomes  largo  compared  to  a wavelength, 

then  tho  rada r cross  soot  ton  is  goomo t t‘ to  ; t s cross  soot  ion  Is  given  as: 


Ota 


\ 1 


a--'-  \ 
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Me  soil Ul  normally  assume  that  tho  transition  from  one  region  to  tho  other 
tokos  place  at  a transition  particle  radius  given  by: 


In  i. n't  , for  most  ot  tlu'  work  presented  in  this  soot  i on,  tho  radar  wavo 
length  ts  so  much  larger  than  most  o f tho  dust  partiolo  radii  that  wo 
util  snlVh  assume  a seat  tor  inn  cross  soot  ion  as  given  by  lq  tdl  . ; In 

later  sections  wo  shall  use  tho  two-region  cross  sect  ion  tormalism 
dose  r i l»od  by  Iqs  tdl  through  l.d'  . fho  scattering  per  unit  volume  by 
the  inooheretit  process  is  given  by: 
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Ihe  quantity  n ts  the  evpoctation  particle  mtmbt'r  density  unimber 
cm  1.  Ihe  sent  l coho  rent  seat  ter  ittg  cross  sect  ion  per  unit  volume  is 
g t veil  by  : 


pta  1 - la  , \ 1 da 
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Ihe  missing  factor  that  multiplies  lq  td>  is 


1 or  oar 


•k  with  the  ratio  of  coherent  t o inoohotvnt  so,  ttei  , this  : • tat 


ea  m'e  l s . 
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In  this  equation,  in*"  is  the  variance  in  fluctuations  in  particle  number 

density.  The  integral,  in  essence,  sums  the  scattering  amplitudes  of  the 

individual  particles.  The  scattering  amplitude  is  taken  as  the  square 

root  of  the  particle  cross  section.  The  quantity  % is  the  in-situ  three- 

dimensional  spatial  frequency  power  spectrum  of  dust  density  f luctu^tions . 

In  Kq. (7),  we  assume  that  the  radar  beam  travels  along  the  x axis.  The 

power  spectrum  is  evaluated  at  k = k =0.  The  x value  is  shown  as 
2r  ” z 

2 k where  k = — . This  power  spectrum  is  defined  as  the  Fourier  trans- 

x x > 

form  of  the  three-dimensional  spatial  correlation  function  for  density 
fluctuations.  This  correlation  function  is  normalized  to  have  a value  of 
1.0  at  0 spacing  and  a value  of  0 at  very  large  spacing.  We  note  that  in 
the  Rayleigh  region  the  quantity  /'*-  ( a , > ) is  proportional  to  a'5,  so  the 
integral  in  Eq. (7)  is  proportional  to  mass  density  as  given  by  Eq. (2). 

Our  discussion  is  really  concerned  with  the  ratio  of  coherent  scatter 
to  incoherent  scatter.  This  ratio  is  given  by: 

2 J \ 3 * 

U± m (.  - - 1 — (2-)  e (2k  ,0,0).  (R) 

_2  \4"Pd  I ' 6 3 X 

n a 

We  have  written  the  ratio  in  this  manner  to  emphasize  quantities  either 

that  our  intuition  can  relate  to  or  that  are  measured  in  field 

2/-2 

experiments.  The  first  quantity,  fn  / n is  the  square  of  the  fractional 
density  fluctuations.  This  quantity  is  sometimes  referred  to  as  the 
square  of  the  condensation  ratio,  or  simply  as  the  condensation  ratio. 

The  quantity  m is  the  expectation  mass  density  in  g/cm\  The  quantities 
3 and  6 are  the  appropriate  moments  of  the  particle  size  distribution. 

3 3 


The  ratio  3 *>  used  here  ignores  the  transition  from  the  Rayleigh 

a a 

scattering  cross  section  to  geometric.  In  our  numeric  results 
presented  in  Section  !,  we  use  the  two-region  description. 
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To  evaluate  the  importance  of  coherent  scattering  phenomena  relative 
to  that  of  incoherent  backscattering , we  will  have  to  estimate  the  various 
quantities  in  Kq . (8).  To  the  best  of  our  knowledge,  there  have  been  no 
measurements  of  the  condensation  ratio.  During  the  early  stages  of  high- 
explosive-produced  dust  clouds,  dust-laden  air  probably  encircles  clean  air, 
in  which  case  the  condensation  ratio  will  have  a large  value,  perhaps 
approaching  1.0.  As  time  progresses,  the  dust  diffuses  and  turbulent  mixing 
enhances  this  diffusion,  so  we  assume  that  the  condensation  ratio  decreases 
to  significantly  smaller  values.  This  ratio  ought  to  be  largest  near  the 
edges  of  dust  clouds,  where  dust-laden  vortex  rings  mix  with  clean  air. 


The  quantity  m,  the  average  dust  density  in  the  dust  cloud,  was 

measured  in  field  experiments  and  found  to  have  values  as  high  as  several 
— ^ 3 —83 

times  10  ' /cm'  to  values  below  10  g/cm'  . We  shall  investigate  this 
below . 

For  our  work  here,  we  shall  assume  that  = 2 g/cm'  (125  lbs/ft'S. 
The  ratio  of  the  third  moment  to  the  sixth  moment  of  the  dust-particle 
size  distribution  is  discussed  in  Section  3.  Data  that  permit  us  to 
accurately  estimate  this  ratio  are  extremely  sketchy. 

Our  concern  is  with  dust  mixing  in  an  isotropic,  turbulent  medium. 
Under  these  circumstances,  it  is  traditional  to  assume  that  the  power 
spectrum,  is  given  by  the  Kolmogorov  spectrum.  It  is  also  traditional 

to  assume  that  the  relevant  part  of  that  spectrum  is  the  inertial  subrange 
in  which  the  spectrum  varies  as  given  in  Kq . (9). 


$.?(k)  « (k) 
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The  form  we  will  actually  use  is  given  in  Kq . (10); 


* ,r\  _ b‘  ( -p  - :n  r(p)  , i 

3 2,1  /n  r(p  - b (1  + b~k“)P 
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llit-  quantity  1',  vvlilt-li  is  a 1 i non  r distance  in  centimeters,  is  traditionally 
oliostMi  to  bo  about  tho  si/.o  of  t bo  input  t'tltlios.  Trail  i t iona  1 ly  ono  oltoosos 


a valno  for  b on  tho  ortit'r  of  1 10  tho  soalo  of  tho  hyilrotly namio  turbulont 


1 1 


rou'ion.  Accord  inj;  to  Kq . (101,  wo  should  uso  a valno  of  p . llowovor. 


if  wo  ohooso  a valno  of  p 2,  t ho  rosnlt  will  t>o  vory  oloso  to  that  of 
Kq . (0);  furthormoro,  roal-world  experiments  find  valnos  of  p that  range 
from  11  (>  to  3.5.  finally,  tty  assuming  a valno  of  2 for  p,  tho  dorivod  ono 

__  • I 

dimons iotta  1 spootrnm  is  proportional  to  k , a valno  oonsistont  with  tho 
spool  rum  oxpootod  for  two  turbulont  mixing  motlln.  Wo  thoroforo  fool 
just  i fit'll  in  accepting  t bo  analytical  simplicity  of  tho  rosnlt  of  using 
p 2.  Wbt'n  those  concepts  are  all  assembled,  wo  obtain  Kq . 11: 


/\n 
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o , 


(ill 

• > • > • 
(1  * b~k~ 1 " 


(111 


Tilt'  quantity  b will  takt'  on  values  of  about  10(1  m.  In  this  equation,  the 


•In 


value  of  k is  chosen  to  bo  ^ 


Wo  are  concerned  with  radar  wavelengths, 
\ , of  1 m or  lt'ss,  so  that  b~k-'  will  bo  much  mort'  than  1.  This  loatis  us 
to  Kq . (121,  which  is  t bo  scattering  formula  that  we  shall  ust'  for  our 
com pa r i sons : 


A1' 


K’X 


•I 


b (I  1 
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(121 


The  condensation  ratio  is  not  curivnt  ly  prt'diotablo  from  theory 
and  wo  Know  of  no  measurements;  wo  will  leave  it  to  bo  studied  later 
as  a free  parameter.  The  moments  of  tho  dust  particle  si/.o  distribution 
art*  not  well  measured  but  some  data  are  available.  Those  are  given  in 
St'f  t ion  II . 

Note  that  wo  have  assumed  that  tbt'  dust  particle  will  flow  without 
slip  with  the  air  turbulence.  Actually,  the  heavier  dust  particles  will 
lie  affected  by  both  air  flow  and  by  gravity,  so  they  may  not  mirror  t bo 
turbulent  spectrum  of  Kqs.  (Ill  and  (121.  Tho  net  result  of  this  is  to 
reduce  the  real -world  coherent  scattering  magnitude  relative  to  tho 
theoretical  values  that  we  present  below. 

1 1 
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CIIOICK  OK  A DUST  MODKl, 


A model  of  f ho  dust -pa  r t lo  lo  size  distribution,  pin),  noods  fo  bo 
developed  to  calculate  t ho  various  moments  usod  in  t ho  scattering  thoory. 
The  most  oomploto  data  that  wo  now  hnvo  availalilo  of  measurements  of 
partiolo  size  distribution  are  In  Uoforonoo  1.  Dust  donsitv  and  partiolo 
size  d i s t r Unit  tons  wore  measured  by  flying  an  airplane  through  various 
parts  of  tlu-  o loud  several  times  following  surface  high  explosive  detona- 
tions. Kilters  we iv  used  to  collect  particles,  and  microscopic  examination 
and  particle  counting  were  used  to  determine  st/o  distributions,  I lie 
experiment  of  lief.  I was  very  inefficient  at  collecting  particles  with 
radii  below  10  microns.  The  smaller  particles  are  more  efficient  at 
producing  coherent  scattering  than  a iv  the  larger  particles.  \o  one  knows 
what  the  particle  number  density  is  at  those  smaller  sizes.  tie  tlierefore 
assume  that  our  model  will  underestimate  somewhat  the  contribution  of  t lie 
coherent  scattering  processes. 

The  lief.  I presents  particle  size  data  in  two  figures  and  in  their 
text.  Our  fable  1 attempts  to  summarize  our  interpretation  of  their 
results.  The  article  is  not  as  clear  on  several  points  as  we  need.  The 
experiment  did  not  sample  many  airborne  particles  with  diameters  signifi- 
cantly greater  than  laOO  microns.  ('here  fore,  our  modeling  at  larger 
sizes  than  this  is  an  expedient  that  we  ust'  to  force  moment  integrals 
to  converge.  In  fact,  the  largest  particle  obtained  was  found  in  a 
fallout  collection  plate  some  A000  ft  from  ground  zero.  flits  particle 
had  a diameter  of  7000  microns  t7  mm). 

fhe  data  in  Table  l give  power  law  coefficients  for  two  particle 
size  regions  designated  'small  size"  and  "large  size."  fhe  small  sizes 
sampled  were  larger  than  10  microns,  though  t he  data  actually  presented 


1.  " . I).  tireen  and  I’.  McMurry,  'Middle  (lust -Mixed  Company  t Oust 
Clin  rue  t e r l/a  t ion  , Meteorology  Itesearch  Inc.  Paper  contained  in 
Mixed  Company  'Middle  Oust  Mosul ts  meeting,  Kt-la  March  lP7d, 

Vo  l . I,  PY\-:Uf>l  I'l  , pp.  IM-IOP  (I’NC'IASS  l K l KU)  , 


I 

As  a result  of  studying  these  data,  we  have  developed  an  analytical  ? 

model  for  the  function  p(n).  We  note  that  the  data  of  Table  1 vary 
significantly  in  time  and  place.  Our  model,  given  in  h'q . (13)  is  an 
attempt  to  approximate  the  general  features  of  the  data  of  Table  1: 

p(n)  ^ — — jj (micron  * ) . (13) 

^ ( a'  i a ( a " 

10  ’ 1.10  X Id1 1 5.78  X 10_1 

In  this  expression,  the  radius,  a,  is  expressed  in  microns.  Our 

analytical  model  contains  four  power-law  regions.  At  very  low  particle 

sizes,  the  power-law  coefficient  is  zero.  This  covers  radii  smaller 

than  measured  in  the  experiments  of  lie  fe  re  nee  1.  At  a 10-micron  radius, 

ttie  model  transits  to  inverse  (radius)"'.  At  a 000-micron  radius,  the 

() 

equation  transits  to  an  inverse  (radius)  . At  a 3000-micron  radius,  t tie 

‘) 

model  transits  to  inverse  (radius)  . This  latter  choice  is  in  order  to 
make  the  sixtli  order  moment  integral  coverage  rapidly.  Since  there  are 
no  data  in  that  size  region,  we  have  chosen  tills  steep  power  law  as  an 
expedient  in  t lie  absence  of  theoretical  guidance.  Figure  1 plots  t hi1 
function  p(a)  ( initio  rma  1 i zed ) from  a radius  of  0.1  microns  up  to  10,000 
microns . 

Table  2 presents  various  moments  of  the  size  distribution.  The  table 
shows  ttiat  our  model  gives  a mean  radius  of  0.8  microns.  W'e  also  show  the 
ratio  of  the  third  moment  to  sixth  moment  as  used  in  Fqs.  (11)  and  (12). 

In  th»>  next  section,  we  modify  this  moment  ratio  according  to  the  two- 
region  scattering  model  discussed  in  Section  2 and  its  character  for 
different  size  particle  distributions. 
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PARTICLE  SIZE  DISTRIBUTION  — p(a)  (microns)' 


' 


FIGURE  1 DUST  PARTICLE  SIZE  DISTRIBUTION  BASED 
UPON  MIDDLE  GUST-MIXED  COMPANY 
MEASUREMENTS 
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I.  QUANTITATIVE  STUDY  OK  COHERENT  VS  I NCOIIKRKNT  SCATTER 

Section  2 presented  the  scattering  ratio  formula.  We  indicated 
there  that  t lie  ratio  of  coherent  to  incoherent  scattering  from 
particulate  clouds  depends  on  the  ratio  of  moments  of  the  particle 
size  distribution.  In  this  section  we  present  some  numerical  examples 
that  demonstrate  the  effect  of  this  moment  ratio. 

According  to  the  scattering  cross  section  model  presented  in 
Section  2,  particles  that  were  small  compared  to  a wavelength  experienced 
Rayleigh  scattering;  large  particle  scattering  was  described  by  a 
geometric  cross  section.  Figure  2 presents  frequency  versus  transition 
radius  in  microns.  Particle  radius  frequency  combinations  below  and  to 
the  left  of  the  diagonal  line  we  describe  by  t lit-  Rayleigh  cross  section. 
Combinations  to  the  upper  right  we  describe  by  a geometric  cross  section. 
We  stated  in  Section  2,  that  dielectric  properties  would  be  ignored  by 
assuming  that  the  dielectric  constant  was  much  greater  than  1.  In  fact, 
in  the  ratio  calculations  t lie  dielectric  constant  term  cancels,  so  that 
the  value  of  the  dielectric  constant  is  not  relevant. 

We  shall  first  consider  particulate  clouds  with  a single  size 
particle.  Table  3 presents  data  on  various  moment  ratios  for  our  dust 
model  of  Section  3 and  for  single  size  particle  distributions.  Ictually, 
the  factors  of  Table  3 are  to  be  used  in  connection  with  Kq . (131  below. 
The  scattering  moment  ratio,  which  is  nearly  ^ 3 t»  if  particles  are  very 

small  compared  to  wavelength,  is  given  in  Table  3 for  1-micron  through 
300-micron  size  particles.  Referring  back  to  Kq , (121,  we  see  that,  for 
a given  mass  density  and  a given  condensation  ratio,  if  the  cloud  is 
made  of  1 -micron  particles,  the  ratio  of  coherent  to  incoherent  scattering 
will  be  1 million  times  greater  than  if  all  the  particles  have  radii  of 
100  microns.  Rain  drops  characteristically  have  radii  in  excess  of  100 
microns  (0.1  ml,  so  it  is  seldom  expected  that  scattering  from  rainfall 
would  contain  coherent  contributions.  On  the  other  hand,  we  see  that 
scattering  from  extremely  fine  particulate  matter  could  be  totally 
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dominated  by  coherent  scattering  phenomena.  Electrons,  atoms,  ami 

molocuU's,  where  t ho  ofl'octtvo  raiiii  aro  vorv  small,  art*  cases  in  point. 

I ndeed  coherent  scattering  in  electron  plasmas  may  exceed  incoherent 

b 10 

contributions  by  factors  ol  10  to  10 

In  Section  11,  where  we  described  the  scattering  formulas,  we 
assumed  that  the  scattering  cross  section  was  liayleigh  over  t lie  entire 
particle  si/e  range.  Our  numerical  answers  presented  below  use  the  more 
complex  scattering  amplitude  weighting  formula  that  pertains  for  the 
liayleigh  and  geometric  regions.  This  expression  is  given  by: 
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Equation  (Id)  separates  Kq . ill)  into  factors  to  be  chosen  and  a 
factor  that  we  have  presented  in  Table  ;1 . The  table  shows  the  ratio  of 
3rd  to  Oth  moments  for  our  dust  model,  which,  of  course,  does  not  depend 
on  radar  frequency.  For  our  dust  model,  we  see  that  at  frequencies  above 
10,000  Mil/  the  two-region  scattering  model  must  be  used,  since  significant 
contributions  to  scattering  came  from  particles  that  are  larger  than  the 
transition  radius.  The  effect  of  having  some  particles  in  the  geometric 
cross  section  region  is  to  enhance  coherent  effects  compared  with  incoherent 
scattering,  but  both  scattering  processes  are  reduced  over  what  would  per- 
tain for  liayleigh  scattering  only. 
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As  a basis  for  comparison,  we  present  in  figure  A the  various  cross 

„ , -7  3 

sections  per  unit  volume  for  an  air-laden  dust  density  ol  10  cm  with 
a dust  material  density  of  2.0.  figure  A shows  incoherent  scattering 
cross  section  vs  frequency  for  our  continuum  particle  size  model, 
expressed  earlier  in  lq.  (13)  and  figure  1.  We  also  show  the  volume 
scattering  cross  section  for  dust  particle  clouds  in  which  the  particles 
are  all  the  same  size. 

The  coherent  scattering  cross  section  for  the  same  density 

•) 

parameters  and  a condensation  ratio  2 - 1 a turbulent  input  eridv 

f\  n n 

size  of  100  meters  (h  100  meters)  are  also  shown.  The  input  eddy  size 
of  100  m is  only  a guess  that  is  - 1 10th  the  cloud  vortex  ring  diameter. 

Coherent  scattering  from  a dust-particle  size  distribution,  as  we 
presented  earlier,  tends  to  decrease  at  high  frequencies,  as  does  the 
incoherent  scattering,  because  the  larger  particles  become  part  of  the 
geometric  scattering  cross-section  region.  If  all  particles  were  in  the 
Rayleigh  region,  then  the  coherent  scattering  would  be  frequency  independent 
would  not  depend  on  particle  size  distribution,  and  would  only  depend  on 
the  total  dust  density  fluctuations  at  the  appropriate  spatial  wavelengths. 

•> 

The  data  presented  by  Kobbiani"  are  very  difficult  to  decipher  in 

terms  useful  to  us.  But  we  deduced  that  his  measurements  would  bo  like 

-ti  2 A 

those  indicated  at  a volume  scattering  of  10  m m . 

At  the  dust  level  values  that  we  have  chosen,  coherent  scattering 
seems  unimportant,  figure  I presents  the  ratio  of  coherent  to  incoherent 
scattering  versus  frequency  for  two  levels  of  air-laden  dust  dcnsitv  , 

10  *’  and  10  ‘ per  cm*  . This  range  probably  spans  most  densities  >t 
concern  to  us.  These  curves  are  for  our  continuous  particle  st.i  dust 
model.  If  we  had  wished  to  list'  single  size  particles,  sa\  it  all  particles 
had  radii  of  10  microns  (an  improbable  natural  distribution)  then  we  'tight 
have  found  that  coherent  scattering  effects  would  be  important.  this 
result  is  readily  deduced  from  figure  A. 

2.  H.  1.,  Hobbinni,  "Middle  North  Series  Mixed  Company  fvent  , X-Band 

Radar  Reflectivity,  ' fort  Monmouth,  New  Jersey,  POR  0010,  2A  July  IOTA, 
(I  NCMSSIflKD)  . 
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FUTURE  .!  VOlllMf  Sl'ATTf  RINli  COf  F f It'll  NT  vs  RAPAR  FREOUENO  FOR  VARIOUS  POST 
E’ARTICIE  Sl/E  PISTRIBUTIONS  INCOHERENT  AlMP  SEMICOHl  RENT  SCATTFRINU 


section  for0"  ^ PrGSents  the  incoherent  volume-specific  scattering  cross 
:s  the  t °”  tW°-reKl0n  Particle  scattering  model.  The  expression  a 
the  transition  radius  between  Rayleigh  and  geometric  scattering.  1 
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particles  were  of  the  same  size  (unlikely)  and  in  the  Rayleigh 
region,  then  the  incoherent  cross-section  could  be  found  by: 
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Kqua t±on  18  presents  volu.e-speciac  radar  „o»s  sactlo„ 
coherent  scattering  from  a turbulent  dust  cloud  using  our  model  of  the 
turbulent  spectrum  and  the  two-region  scattering  model. 
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-matron  19  represents  coherent  scattering  .hen  all  particles  are 
” Rayleigh  region.  »„,e  that  „„„„  thl.  ^ ^ 

ePend>  °”ly  0,1  the  dms“>'  *»*  in  the  air.  Particle  site 
does  not  matter.  Our  model  for  5 (kl  iDortc  *. 

independent . 3 ° * ^ ^ *» 
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r>.  IX)  NCI  .US  tONS 

Itesults  of  our  calculations  have  boon  list'd  to  oompnro  t bo  intensity 
of  oohoront  scattering  from  donsitv  f luotunt  ions  in  dust  clouds  ivitli  1 ho 
intensity  of  incoherent  sen  t tori  tip . Tlio  on  louln  ( ions  wore  made  us  lug  a 
mode  1 of  (bo  spectrum  of  density  fluctuations  tiiat  is  consistent  wttli  that 
expected  from  turbulent  mixing  theory.  The  principal  results  of  out- 
study  are: 

(1)  flto  incoherent  scattering  cross  section  per  unit  volume 

depends  upon  t tic  details  of  the  particle  st/c  distribution. 

(!’)  flic  coherent  scattering  cross  sect  loti  docs  not  depend 

on  tlu>  particle  si/o  distribution  if  the  largest  particles 
are  small  enough  to  bo  in  the  bay  lot gh  ronton. 

(dl  I'bo  coherent  scattering  cross  section  depends  on  the 
sijuare  of  the  air  laden  dust  density;  incoherent 
scat  1 1' l- Inn  depends  linearly  on  this  density. 

(I)  for  a reasonable  choice  of  dust -part  tele  si/o  distribution, 
air-laden  dust  densities  (appropriate  to  later  time  dust 
clouds),  an  acceptable  model  of  turbulent  structure,  and 
an  over-estimate  of  the  dust  density  condensation  ratio, 
coherent  scatterinn  is  weaker  than  incoherent  scatlortup, 
except  at  the  very  lowest  radar  frequencies. 

fhi'  above  conclusions  are  based  on  t he  assumption  that  dust  particle; 
exactly  follow  air  particles.  Since  the  heavier  dust  particles  are  also 
affected  bv  gravity,  they  will  not  exactly  follow  air  motion  and  so  will 
not  mirror  small-scale  air  turbulence  fluctuations.  The  result  is  a 
further  reduction  of  coherent  scatterinn  compared  with  our  prediet  ions. 

If  one  postulates  unphysical  dust -part  tele  si/e  distributions  (for 

example,  that  all  particles  are  below  10  microns  in  diameter)  and  large 

-:t  ;t 

air-laden  dust  density  (greater  than  10  g cm  I.  then  coherent 


scattering  can  be  greater  (ban  Incoherent  scattering  at  t lie  lower  radar 
frequencies.  In  a sense  tills  is  exactly  the  situation  for  electrons 
scattering  in  turbulent  reentry  wakes  and  for  scattering'  that  can  be 
obtained  from  hot  and  cold  (or  dry  and  moist)  turbulent  mixing  air.  In 
these  circumstances,  the  particles  are  electrons  and  molecules, 
respectively,  and  the  scattering  can  be  studied  as  mixtures  of  individual 
particles,  which  is  how  we  studied  dust.  However,  we  customarily  handle 
these  latter  environments  in  terms  of  their  aggregate  properties  expressed 
in  terms  of  t lit'  medium's  dielectric  constant. 

Our  most  important  finding,  though,  is  that  interpretation  of 
mill  t i frequency  radar  scattering  measurements  in  dust  clouds  obtained 
using  scaled  beamwidths  does  not  require  consideration  of  semicoherent , 
scattering  trout  turbulent  mixing  of  clean  and  dirty  air,  especially  for 
radar  frequencies  greater  than  1000  MHz. 
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